INTRODUCTION
Within the last few decades investigation of meiobenthos has been intensified. Originally, studies were limited to microporal interstitial sediments. Later, however, other littoral and sublittoral sediments, e.g. mud and clay, were investigated. Today, not only the meiobenthos of shallow waters but also that of deep-sea environments is being studied.
Many efforts have been made to overcome the methodological difficulties involved in meiobenthos handling. Primarily, these include sampling and separation of the small-sized and delicate specimens. As far as qualitative studies are concerned, the difficulties can be overcome by various means with a reasonable expenditure of time. However, during recent years, quantitative aspects concerning studies on distribution, abundance, migration, fluctuation and other dynamics and ecological processes of the meiofauna have become increasingly important. Consequently, separation procedures have become more laborious, with the need for extra precision.
In 1969, the Mediterranean Marine Sorting Center in Salammbo, Tunisia, invited several meiobenthologists to discuss the central problems in meiofauna investigations. The results of this meeting were published in the "Manual for the study of meiofauna" (HuLINaS & GRAY 1971) . This manual represents the first attempt to summarize recent experience in this fidd. Many recommendations are given for the measurement of environmental parameters, sampling and separation of the meiofauna from the sediment, as well as preparation methods for the main representative groups of mdofauna. In the foreword of the "Proceedings of the First International Conference on Meiofauna" HULINGS (1971) pronounces: "Statistical evaluation of various techniques of sampling ... are imperative." Yet, concerning separation methods, no comparison could be made during this Tunisia meeting. For the separation of meiofauna several methods have been published which essentially are modifications of a few basic procedures. Generally, the choice of a suitable method depends on the aim of the scientific problem studied. This includes the decision, whether the meiofauna (certain species, important representatives, or the total meiofauna) has to be separated alive, or whether it can be handled preserved.
The efficiency of the commonly used methods has been evaluated with varying results by different authors. Howe~er, no statistical analyses are available which can offer reliable comparisons. In order to solve this problem a number of specialists were invited to a meeting. All the participants were asked to present their quantitative separation procedures for comparison, using replicate samples.
This meeting was held on Helgoland at the Marine Station of the Biologische Anstalt Helgoland from May 4 ~h to May 12% 1972, in co-operatlon with the working group on meiofauna of the Baltic Marine Biologists (Convenor: H. TmEL). The participants at the Helgoland meeting, who are listed on page 194, have authorised us to present here the data and results obtained in close co-operation and discussion at that meeting.
DESCRIPTION OF THE SEPARATION METHODS USED
Separation of meiofauna from the sediment involves two different procedures: (1) concentration and (2) sorting and counting. We define these terms as follows: C o n c e n t r a t i o n : The enrichment of meiofauna in respect of sediment particles in the sample. S o r t i n g a n d c o u n t i n g : The classification of fauna into taxonomical groups and the counting of specimens.
The essential methodological differences are restricted to the concentration procedure. These will be described therefore in separate sections, while sorting and counting as done by the participants is combined in one paragraph. Concentration methods are based largely on the hydrodynamic behaviour of the sediment particles. This depends on different characteristics of the particles: Size, specific weight, form and surface structure. Sinking rate and transport by water flow are determined by such characteristics. Since there is no suitable short expression for particles with different hydro-dynamic behaviour we have used the terms, "lighter" particles and "heavier" particles in the subsequent text. These terms may be defined as" "lighter" particles, those with a low sinking rate or easily transported by a definite water flow and "'heavier" particles those with a high sinking rate or less easily transported by the same water flOW.
Concentration of meiofauna

Decantation and sieving
The method of decantation and sieving was practised by R. ELMGaeN (EL) and H. T~tleL (TH). The most simple treatment for the concentration of meiofauna specimens in. a sediment sample is decantation. The sample is stirred up in a dish, glass beaker or measuring glass. ARer allowing a short time for settlement of "heavier" sand grains or other constituents of the sample, the supernatant water is poured out through a sieve or a set of sieves. Larger particles, including the organisms wanted, are retained, while mud particles pass through. This procedure may be repeated several times until most or all of the fauna is washed out of the coarse fraction of the sample. Repeated decantation and subsequent sorting and counting allows an estimation of the efficiency of the procedure, since the residue can be checked periodically. In total fauna separation, decantation is applied generally for preserved material.
Concentration by sieving is restricted to the separation of a coarser fraction containing the organisms and the finer fraction, which is discarded. The mesh size of the sieve used depends on the size of animals to be considered in the investigation. The sieving of the coarser fraction into size groups makes sorting and counting easier and more efficient (p. 180) but no concentration effect is achieved. Normally, both these treatments are combined into one procedure.
Etutriation methods
The elutriation method was introduced by BOlSSEAU (1957) . In the years following, this method has been used for sandy sediments by several authors and the equipment has &anged slightly. The general idea is the partition of particles by their different characteristics in response to a continous water stream. The "lighter" particles, including the meiofauna organisms, are washed out of the sample and are collected on a sieve.
(a) Modifications of the BOISSEAU method. Elutriation methods of the t~OlSSEAU type were practised by I. Di~zYclMs~i (DR), J. S. GI~AY (GR), and A. D. MCINTYI~ (McI) in 3 modifications. Two of them used preserved (McI) or unpreserved (DR) material in an open water stream while in the third apparatus (GR) a closed water circuit was used for narcotized living organisms. The essential part of the apparatus (Fig. 1) is a separation funnel which contains the sample. The open circuit system is connected to the main cold-water supply or to some filtered sea-water reservoir. The water stream passes through the separation funnel, containing the sample, and the overflow tube. The meiofauna washed out of the sample is concentrated on the sieve. In the closed-circuit system a water pump circulates water from a reservoir. The flow rates are adjusted by the two valves. Preserved material is stained (p. 179) and the subsequent elutriation cleans the material of excess stain. If the meiofauna is to be concentrated alive, the closed-circuit system is essential and the organisms will be narcotized by means of an anaesthetic (7 °/0 MgCLe in water).
In the case of (McI), the apparatus was connected to the main cold-water supply and elutriation was carried out for 15 minutes per sample~, the flow being regulated so that the sediment was well agitated but was not carried over onto the sieve in any great quantity. The animals retained on the 45 micron sieve were then washed into a 9 cm diameter bacteriological Petri dish (or a 14 cm diameter dish when faunal density was high), dispersed with water from a wash bottle, allowed to settle and counted. Because of the much higher proportion of silt in the muddy sand sample, elutriation rates were reduced so that small fractions of the total sample could be examined separately. Thus, the sample was examined in 4 or 5 fractions in which the numbers of animals decreased very substantially with each successive "washing". The amount of material "washed off" in any one fraction was controlled, so that the sediment deposit in the petri dish would not obscure fauna for the scanning operation. Total dutriation time was approximately the same as for other sediments.
WR
(b) The warm-water elutriation.
The warm-waterelutriationwas designed and practised by J. OHDE (OH) (unpublished). The apparatus (Fig. 2) consists of the receptacle for the sample, connected by a spiral settling tube with a Liebig condensor. At its lower end a collecting receptacle connects to a water in-and outlet, as well as to a by-pass which runs ba& into the settling tube. The overflow tube leads into the collecting bottle or a sieve.
In the concentration procedure, the whole system is first filled with filtered water from the reservoir. The sample is rinsed into the sample receptacle and, by opening of the valves 1 and 2, is allowed to flow down the settling tube and to sink through the inner pipe of the condensor into the coIlection receptacle. The jacket tube of the condensor is charged with water of 55 ° C constant temperature. By this means the fluid and the sample in the inner tube of the condensor are warmed. Under these conditions nematodes are stretched and ostracods open their shells, resulting in a higher water resistance, i.e. a better separation efficiency. After closing valve 2 and opening valves 3, 4, and 5, water flow from the reservoir carries the particles up the by-pass into the spiral settling tube. The water stream transports the "lighter" particles and fauna via the overflow tube into the collecting bottle. "Heavier" particles run slowly down the wall of the spiral settling tube and again sink down the condensor. The flow rate is regulated by changing the vertical position of the sample receptacle. The procedure can be repeated at will. Air bubbles originating from gases dissolved in the water may be let out of the system through the ventilation tube. Finally, the sediment and the water are drained out of the apparatus and the tubes are washed thoroughly. For maximum efficiency, the water may be run through a sieve to collect specimens stuck to the tube walls.
Sea-water ice treatment
This method was practised by E. HARTWm & S. HOXHOLD (HH) and by G. UHLm (UH). The sea-water ice treatment, described by UHLm (1964 UHLm ( , 1968 , is based on changing the intensity of environmental factors in the sediment samples treated. The infauna of a sample is influenced mainly by two ecological parameters: (1) The change from high to low salinity of meIting sea water and (2) a low perfusion and flow of water through the sediment. Temperature, also, may have a slight effect. Under these conditions the interstitial fauna migrates actively out of the sediment and is collected alive in a culture dish, almost free of sediment.
One end of a plastic tube ( Fig. 3 ) is covered with a tightly fitting nylon gauze, the mesh size of which depends on the main grain size and then the tube is filled with crushed sea-water ice, prepared in a deep freezer. Insulation is placed between sediment and ice. A Petri-or culture dish, filled with filtered sea water, is placed under the tube so that the nylon gauze is just in contact with the sea-water surface. Both the culture dish and the tube are in a fixed position. The Petri dish is placed in a second larger one, into which the water can overflow. Plastic tubes of different size and diameter were used by (HH) and (UH). In that way, (HH) exposed a larger sediment surface to ice. Furthermore, by application of a larger volume of sea-water ice, the treatment with ice was intensified.
The sea-water ice treatment is most effective in sandy sediments, e.g. if the sediment has a capillary structure. In the case of muddy sediments, the treatment of prepartitioned sediment fractions is possible. The efficiency can be raised by repeated extraction as well as by a two-part technique with decantation or elutriation (p. 190) following the ice-treatment procedure. Sorting and counting under a stereoscopic microscope is common to all the separation methods tested. Only small differences were encountered between the procedures of the participants but personal experience is important. This part is, therefore, described together in one paragraph.
For preservation 4-5 °/0 formalin was used for at least 20 minutes. In samples to be stored for a long time the formalin should be neutralized with 100 g hexamethylene tetramine per 1000 cm 3 of 40 0/0 formaldehyde. A~er washing out the formalin, the sample was stained with rose bengal + phenol (THI~L 1966) for at least 15 minutes. S t a i n i n g s o 1 u t i o n : 100 ml of water + 1 ml of concentrated rose bengal solution + 5 ml of concentrated aqueous solution of phenol (for pH adjustment). S t a i n i n g p r o c e d u r e : (1) The sample is washed from the sampling bottle into a sieve of the smallest mesh size required in the respective research. (2) . The sample is rinsed in a beaker of tap water until no preservation fluid remains. (3) The sample in the sieve is placed in the staining solution for about 15 minutes. (4) The sample in the sieve is again rinsed either in a beaker of tap water until the water is not coloured immediately or by elutriation.
Staining was followed either by direct sorting and counting or by elutriation or decantation, described in the previous section under methods for concentration. Mechanical hand counters were used to record numerically dominant groups.
In the case of (McI) animals were counted in situ in the dish and organisms were ex~tracted (by pipette) only when identification under high-power microscope was required. Counting was carried out with a Petri dish resting on a squared paper grid (1 cm square units) and using a Vickers Extenda-arm scanning microscope, 20 × magnification. The field of view is thus approximately 1 cm ~. In this way, with the Petri dish fixed in position, the bottom of the dish and the surface of the water can be systematically scanned. In situ counting is less time consuming than the simultaneous extraction of the organisms with a pipette (which all other participants did and Petfi dishes were used for sorting under stereoscopic microscopes).
With decantation, (EL) produced 2 fractions of t00 l~m and 37 l~m. These were transferred to a Bogorov-tray (RusSELL & COLM~N 1931 , ARLT 1973 . The tray was carefully searched and all animals found pi&ed out. The contents of the tray were then thoroughly agitated with the pipette, and allowed to settle before a new search was made. This was repeated once more, so that three searches were made for each portion examined, and the animals found in each search noted (further discussion in ELMCR~N 1973).
The decantation technique omitted the sorting of coarse fractions. Instead, small fractions were used by (TH) but all the sediment was searched through, as indeed has to be done with very fine-grained sediments such as deep-sea oozes. Before sorting and counting, the samples were sieved into four fractions of > 42, > 65, > 100 and > 150/~m. Working with a narrow grain-size range was found to be more effective. Small dishes were used with the stereoscopic microscope and limited portions were sorted successively in order to produce a thin sediment layer in the dish. The samples were sorted twice.
SAMPLING, SEDIMENT ANALYSES AND FAUNA
It was the intention of the working group to analyse the efficiency of the methods on a wide spectrum of sediments. Within the available time we were able to study four different types of substrata (Fig. 4) . The sediments from each of the three sublittoral stations were homogenized by manual mixing to omit natural variability between samples, while the samples from the beach were taken in situ.
Sediment data and handling
(1) Medium sand with fine sand, well sorted -termed medium sand (Fig. 4a) ; Helgoland Reede -near Youth Hostel; Sublittoral, 6-8 m. The material was collected by divers scraping surface sediment into bu&ets. In a constant-temperature (abbreviation: fine sand, corresponding to Table 6 ). D Medium sand with fine sand, less sorted. (2) Coarse sand with shell gravel, fairly well sorted -termed coarse sand (Fig.  4b) ; Helgoland Reede-Skittgatt; Sublittoral, 4-5 m. Handling of material was as for sediment 1.
(3) Fine sand, well sorted -termed fine sand (Fig. 4c) ; Helgoland D/.ine; Littoral near low-water tide mark. Samples were taken from an area of 70 X 80 cm marked out with a grid of 10 × i0 cm. In total, 42 aliquot samples were cut out with a corer from each point of intersection. Five samples of 4 cm-* surface area and 4 cm sediment depth, randomly distributed within each level, were used in each separation method.
The material for the 2 grain-size analyses was collected each from one square 10 by 10 cm and 10 cm sediment depth. One sample originated from a corner of the grid towards the sea, the other from the diagonal corner, higher up the beach. The grain-size distribution for both the samples is very similar (Fig. 4c) indicating that the material within the grid is quite homogenous.
(4) Medium sand with fine sand, less sorted -termed muddy sand (Fig. 4d) ; Heigoland Vorhafen; Sublittoral, 5-7 m. Handling of material was as for sediment 1.
Frequency of taxa
In order to demonstrate the frequency of occurrence of the different taxa, the number of organisms counted by the eight methods are listed in Table 1. Table 1 also illustrates the high variation between the methods for certain taxa. Table 2 gives the total number, together with the percentage of the dominant taxa from the four sediments for all methods, excluding the ciliates. The group "others" includes the following taxa: Halammohydra, rotifers, tardigrades, nemerteans, otigochaetes and bivalves.
They were represented in only small numbers.
STATISTICAL ANALYSES
Initial analyses of the raw data showed that the variance was proportional to the mean, for the different methods. Further analyses, therefore, were done on transformed data, using logl0(n), where n was the number of the raw data.
Two-way analyses of variance were conducted on the total fauna data (with the exception of the beach data), for each type of sediment, in order to test for differences between methods, and between levels in the tank of sediment. The interaction between levels and methods was used as the error term since there were no replicates in this analysis. Only in the muddy sand sample (Table 6 ) were significant differences between levels in the tank found. Elimination of samples from level A in this tank (which had significantly smaller numbers of animals than the other levels), rendered the differences between levels non-significant. Thus, the tanks of sediment could be considered homogenous (since differences between levels were not significant), and the four sam- Table 3 Raw data and statistical analyses: total fauna (corresponding to Tables 7, 10 and Fig. 4a ). Medium sand with fine sand, well sorted (medium sand). X: mean of transformed data; S~: variance of transformed data; dr: degrees of freedom; S.S.: sum of squares; M.S.: mean square; F: ratio; p: level o~f probabdlty. ". Significant at less than p -0.05, Ies than p ~ 0.01; *** less than p = 0.001. One-way analyses of variance were conducted on the transformed data to compare (a) methods for total fauna data, (b) use of sea-water ice alone on total fauna data, (c) hard fauna (Nematoda, Copepoda, Ostracoda, Halacarida), (d) sott fauna (Turbellaria, Gastrotricha, Archiannelida, Polychaeta, Nemertea, and Halornrnohydra), and (e) Nematoda alone (the dominant taxon).
Since it was decided a priori to test for differences between methods, differences between the mean transformed numbers of animals were tested using the Least Significant Difference (LSD) test (SoKAL & ROHLF 1969) , where: LSD = t(v)]//-~---Ms within and t(~) is the value of t from standard tables for a probability p ---0.05 and with (v) degrees of freedom, where v is the within group degrees of freedom from the analysis of variance table, n is the number of samples per group and MS within is the within group mean square from the analysis of variance table. In the following examples the means are ranked from left to right and non-significantly different means are included within bars. The LSD is subtracted successively from each mean until all means are included. Table 4 Raw data and statistical analyses: total fauna (corresponding to Tables 8, 11 and Fig. 4b ). Coarse sand with shell gravel, fairly welI sorted (coarse sand). (Explanations see Table 3 and text) 
COMPARISON AND EVALUATION OF SEPARATION METHODS
For the general evaluation of the separation methods tested by our experiments, "Kendall's Tau rank correlation" was applied (So~:AL & ROHL~ 1969). The various methods were ranked against numbers of organisms from total fauna data, Nematoda data, hard fauna and soft fauna data to give a total rank for the methods. Under this solely numerical comparison, decantation and elutriation ranked highest and sea-water ice treatment next, while dutriation with anaesthetization and the warm-water method were less effective. However, such comparison does not take into consideration that (1) the various animal groups are not separated with the same accuracy, (2) the organisms are collected alive in some methods and dead in others, (3) the separation efficiency differs from one sediment type to another and (4) the time required for concentration, sorting and counting is unequal. These topics will be discussed in the following paragraphs. Table 5 Raw data and statistical analyses: total fauna (corresponding to Tables 9, 12 and Fig. 4c ).
Fine sand, well sorted (fine sand). (Explanations see Total fauna separation
Investigations of benthic biocoenoses are generally concerned with the total fauna. Thus, we tried to separate the total meiofauna from our samples. The results are given in Tables 3-6 . The statistical evaluation of the methods is demonstrated by the Least Significance Difference (LSD) test of ranked means. The non-significantly different means are included within the bars. In Table 3 the highest mean (McI) was not significantly different from (EL), (UH) or (TH) but was significantly better than (GR), (HH), (OH) and (DR). Similarly (EL) was not different from (UH), (TH) and (GR) but better than (HH), (OH) and (DR). The largest break occurred between (HH) and (OH) with three groups terminating here. The difference between the two sea-water ice procedures (UH) and (HH) resulted from the splitting of the total sample into three grain-size fractions by (UH) and consequently in a more thorough treatment. Table 6 Raw data and statistical analyses, total fauna (corresponding to Fig. 4d ). Medium sand, poorly sorted (muddy sand). (Explanations see The preservation methods (McI), (EL) and (TH) are all included in the top group with one sea-water ice method (UH). Anaesthetization (GR) and the second sea-water ice group were marginally inferior but the warm-water method (OH) and live eiutriation (DR) were significantly worse. Tables 4, 5 and 6 show a similar pattern with the preservation methods (EL), (McI) and (TH) again within the top group together with the two sea-water ice methods (UH), (HH) ( Table 4) . Preservation methods were used by (DR) ( Tables 4  and 5 ) and by (GR) ( Table 6 ) instead of live extraction, resulting in a higher ranking. In the muddy sand (Table 6 ), the sea-water ice methods are clearly less effective.
The warm-water elutriation, especially designed for the isolation of nematodes and ostracods, is not suitabIe to cover the total fauna.
In general, elutriation and decantation rank highest in our experiments for the separation of total fauna.
Living and dead separation
It was one of our intentions at the Helgoland meeting, to compare the efficiencies of methods for the separation of living and preserved meiofauna. The question posed Table 7 Raw data and statisticaI analyses: hard fauna (corresponding to Tables 3, t0 and Fig. 4a ). Medium sand with fine sand, well sorted (medium sand). (Explanations see Table 3 Table 8 Raw data and statistical analyses: hard fauna (corresponding to Tables 4, 11 and Fig. 4b Table 9 Raw data and statistical analyses: hard fauna (corresponding to Tables 5, 12 and Fig. 4c ). Fine sand, well sorted (fine sand). Explanations see Tables 3-5 ).
The sea-water ice methods involved both sea-water ice treatment followed by preservation and staining of the sand residue, a two-part te&nique . They rank at about the: same, level as elutriation w'ith anaesthetic (GR). Furthermore, the effectiveness of sea-water ice without additional preservation, was examined. By this test, the (HH) method, which involves exposing a larger sediment surface to ice than in the (UH) method, is clearly more effective. However, as sole treatments, both are tess efficient than preservation and elutriation or decantation (McI) and (EL).
The important advantages of live extraction by the sea-water ice treatment are the isolation of meiofauna (especially the sot% fauna) in unharmed condition, and the almost quantitative isolation of ciliates and flagellates, not recovered with any other method (Tables 1 and 2 ). Table 10 Raw data and statistical analyses: soft fauna (corresponding to Tables 3, 7 and Fig. 4a ). Medium sand with fine sand, well sorted (medium sand). (Explanations see Hard and soft fauna separation It was thought that some methods may be more effective in extracting hard fauna (Nematoda, Ostracoda, Copepoda and Halacarida), whilst others may be better for sot~ fauna (Turbellaria, Gastrotricha, Archiannelida, Polychaeta, Nemertea and solitary Cnidaria). Tables 7, 8 and 9 show the data for hard fauna and Tables 10, 11 and  12 show .the data for soft fauna. The split into hard and soft: fauna was not made for muddy sand since the fauna was composed almost exclusively of nematodes, i.e. the results correspond more or less with the total fauna ( Table 6) . Tables 7 and 9 indicate that there was little difference between methods, only (DR) in Table 7 and (DR) and (OH) in Table 9 being significantly less effective. In Table 8 , however, the two-way analysis of variance showed a high between-level variance and a non-significant between-method variance. Consideration of the raw data demonstrated that the large variation in numbers of Ostracoda probably accounted for the fact that no difference could be detected between methods (Table 8) .
Tables 10, I1 and 12 show that for the soft fauna the preservation methods of (EL), (McI) and the sea-water ice methods (UH) and (HH) were consistently the most Table 11 Raw data and statistical analyses: soft fauna (corresponding to Tables 4, 8 and Fig. 4b ). Coarse sand with shell gravel, fairly well sorted (coarse sand). (Explanations see Table 3 and text) successful. The preservation and direct sorting method (TH) was more variable whilst anaesthetization (GR), the (DR +) preservation and warm-water (OH) methods were significantly less effective. However, one must consider that preservation does not allow accurate identification of sot~ fauna representatives. Ciliates, for instance, may easily be confused with turbellarians.
Sediment types and time loss in separation
Efficiency of all concentration methods decreases for total fauna with decreasing mean grain-size distribution and increasing detritus content, and consequently more efforts and time are required for sorting. For the sea-water ice treatment this may be explained by the reduction of the microporal system. In decantation and elutriation, the "lighter" particles are not sufficiently well separated from the fauna.
In this context it is imperative to take into consideration the time loss for each method. A rough comparison of total time loss results in the Following order: elutriation -sea-water ice treatment -decantation. Table 12 t~aw data and statistical analyses: soft fauna (corresponding to Tables 5, 9 and Fig. 4c In general, elutriation and decantation are the quicker concentration procedures, while in sea-water ice treatment the time required depends on the melting process.
Concerning sorting and counting, a surprisingly quick procedure was demonstrated by direct in situ counting (p. 180). Contrary to this, other participants counted the fauna by picking out with pipettes, which is much more time consuming. Differences in time loss relate to the sediment quota in the counting dish. Under this aspect seawater ice treatment ranges over elutriation, decantation and total sorting. SUMMARY
